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Abstract

Techiques which are able to predict and control dynamic characteristics, not affecting the
vibrational characteristics on the modification of structural design, are being studied. As one of
these techiques, experimental modal analysis is widely applied by many researchers. In this study,
modal analysis is performed using transfer matrix method by a micro computer. The developed
program would estimate the structural modal parameters precisely, and the validity of this
program is certified by comparing with the experimental results of I" shape structure. Estimated
modal parameters(natural frequency, vibrational mode, equivalent mass, etc.) are in accord with
the experimental results. Also, the optimal location of the additive mass is determined by the
evaluation of the vibrational mode and the equivalent mass. The relation between the additive
mass and the equivalent mass is specified, and we come to know that the ratio of equivalent mass
to additive mass alter linearly within the range of 20%.
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Fig. 1 Definition of coordinate and variables for a
beam.
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Fig. 3 Model of I" shape for transfer matrix method.
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Fig. 5 Specification of the I" shape model.
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Fig. 6 Modeshape of the I" shape model by computer
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Fig. 7 Transfer function by computer simulation
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Table 1 Eigen vector of point 1 and point 2 by computer simulation
2
Mode Eigen vector Po(iﬁt) 1 Po(iﬁz 9 (%)
bx —0.2652X 10 —0.2862X 10
1st by 0.1545% 10 —0.2674X10
Vot + byt 0.3069x 10 0.2874X10 1.140
bx —0.2338X10 0.8146X10
2nd ¢y 0.8810% 10 —0.1798 %10
NrREwRS 0.9115x 10 0.1974X10 0.2132
#x 0.1528 X 10 0.4287 X 10
3rd by —0.5525X 10 0.1362X10
VeIt 7 0.5732X 10 0.1428 X 10 0.1611
éx 0.3589X 10 —0.2466 % 10
4th by 0.5701X 10 —0.8419X 10
Vot + b7 0.6737x 10 0.8772X 10 0.5898
Table 2 The change of natural frequency and equivalent mass due to additive mass on point 1
Mode Additive mass(gr)
0 10 20 30
1st 35.14 32.40 30.20 28.40
Natural 2nd 80.74 75.95 71.94 68.52
frequency (Hz) 3rd 284.2 277.9 273.2 269.6
4th 467.8 431.5 408.5 392.8
1st 56.93 56.72 56.51 56.50
Equivalent 2nd 16.34 16.38 16.42 16.46
mass (gr) 3rd 31.04 35.13 39.22 43.44
4th 29.04 33.64 37.88 42.30
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Fig. 8 The change of equivalent mass due to additive
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Table 3 The change of natural frequency and equivalent mass due to additive mass on point 2

Mode Additive mass(gr)
0 10 20 30
1st 35.14 32.67 30.61 28.86
Natural 2nd 80.74 63.63 54.33 48.31
frequency (Hz) 3rd 284.2 252.2 235.0 224.0
- 4th 467.8 430.6 419.2 413.7
1st 56.61 55.90 55.19 54.53
Equivalent 2nd 16.24 16.39 16.54 16.73
mass(gr) 3rd 30.88 37.06 43.24 49.20
4th 29.42 55.48 81.53 107.66
A AFE AEHe[HAS AAsgEoen point 1 % Table 4 Comparision of equivalent mass due to addi-
point 20 =& 24w e = Table 1o] vJeb ol o, tive mass on point 1 and 2
=3 57b%e A ol o A4s=] $rpd%  Mode Equivalend mass (4)
of 9 Aol SAAEE W0g % NgAF ¥4 Point 1 (4) | Point2 (B) | B
ANE SriAztoz¥E wpgon AZsgo) 1 56.93 56.61 1.005
Table 29} Fig. 8 @ Table 33 Fig. 9o = #|4F 2 16.34 16.24 1.006
A5 Jehuigl el 3 31.04 30.88 1.005
Table 29} Table 3o 2 & Zrldeks el 4 29.40 29.42 1.000
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Fig. 11 Schematic diagram of experimental appara-
tus
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Table 5 Comparision of theoretical and experimental
natural frequency (Hz)

Mode sin?L(l)lr:tIi)::e(r,zl) Experiment (B)| Rate (B/A)

1 35.14 35.125 1.000

2 80.74 82.25 1.018

3 284.2 284.0 1.000

4 467.8 481.25 1.028
130 A8z AFe A EH oMol o7 AFF+E
vlas BAsgon, Az F dHEE &+ 3
o}, o] &4z AgolA el n{AFFH H
g Table 5ol Vetuidz, A 3%viuty o4&
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R R
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o] Table 73} Fig. 14 % Table 83 Fig. 150] 1}
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Table 6 Eigen vector of point 1 and point 2 by experiment

Mode Eigen vector Po(;:z 1 Po(iiz 9 (%)2
Px —0.5094 —0.5190
1st b 0.2739 —0.1016
NZXEwE) 0.5784 0.5288 1.196
&x -0.0703 0.2590
2nd by 0.1880 —0.3241
Vot o7 0.2007 0.4148 0.2341
Px 0.0833 0.0234
3rd by —0.1740 0.4754
VR 0.1929 0.4759 0.1643
Bx 0.1300 —0.0397
4th by 0.2554 —0.354
JEEF 0.2866 0.3562 0.6469
Table 7 The change of natural frequency and equivalent mass due to additive mass on point 1
Mode Additive mass(gr)
0 10 20 30
1st 35.125 32.375 30.125 28.375
Natural 2nd 82.25 77.25 73.0 69.25
frequency (Hz) 3rd 284.0 278.5 274.0 260.0
4th 481.25 445.0 430.0 402.5
1st 57.29 56.46 55.63 56.35
Equivalent 2nd 17.64 17.50 17.36 17.09
mass(gr) 3rd 38.17 41.19 44.21 46.33
4th 34.94 38.14 41.35 45.17
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Fig. 15 The change of equivalent mass due to addi-
tive mass on point 2.

Table 9 Comparision of equivalent mass due to addi-
tive mass on point 1 and 2

Mode Equivalend mass (A)
Point 1 (4) | Point 2 (B) (B)

1st 57.29 53.52 1.07

2nd 17.64 16.55 1.06
3rd 38.17 35.31 1.08
4th 34.94 32.92 1.06
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Table 8 The change of natural frequency and equivalent mass due to additive mass on point 2
Additive mass(gr)
Mode
0 10 20 30
1st 35.125 32 625 30.625 38.875
Natural 2nd 82.25 65.00 55.50 49.50
frequency (Hz) 3rd 284.0 254.0 236.0 225.0
4th 481.25 438.75 421.25 412.50
1st 53.52 53.99 54.46 53.72
Equivalent 2nd 16.55 16.63 16.71 17.03
mass (gr) 3rd 35.31 39.97 44.63 50.57
4th 32.92 49.23 65.54 83.08
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